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MINING MACHINE INFORMATION
COLLECTION SYSTEM

FIELD

The present invention relates to a technique for collecting,
operation mformation about a mining machine.

BACKGROUND

Various kinds of construction machines, such as an exca-
vator and a dump truck, operate in a civil engineering site or
a mine, such as a quarry. In recent years, a technique has been
proposed which acquires operation information about the
construction machine using wireless communication and
manages the operation state of the construction machine. For
example, Patent Literature 1 discloses a technique which
wirelessly transmits data for a vehicle to a management cen-
ter. The technique acquires the state of wireless communica-
tion lines at the current position of the vehicle from a line state
map i1n which the state of the wireless communication lines at
a plurality of points 1s recorded and determines whether to
wirelessly transmit data for the vehicle using a communica-
tion means.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. 2008-011039

SUMMARY

Technical Problem

When the operation information 1s collected and stored in
a storage device of each construction machine and, for
example, a service man accesses each construction machine
and downloads the operation information, an operation of
downloading the operation information from a plurality of
construction machines 1s complicated and a real-time prop-
erty 1s isuificient in the management of the operation infor-
mation. Therefore, a wireless communication means 1s used
to acquire the operation information about each construction
machine. When a mine 1s considered as a place where the
construction machines operate, 1t 1s necessary to install a
plurality of repeaters for receiving the operation information
stored 1n the construction machine (mining machine), such as
a dump truck, using wireless communication, separately from
a management facility in which a management device 1s pro-
vided since the mine 1s generally vast. However, even when
the plurality of repeaters 1s used, 1t 1s difficult to reliably
ensure communication between the mining machine and the
repeaters in the entire area of the mine. As aresult, aregion in
which communication 1s available and a region i which
communication 1s unavailable are formed between the mining
machine and the repeater.

In a case 1n which the mining machine transmits the opera-
tion information to the management facility in which the
management device 1s provided while 1s traveling, the mining,
machine 1s in the communication range when communication
starts, but deviates from the communication range in the
middle of communication. As a result, the operation informa-
tion may not be transmitted and received. The mining
machine 1 which the transmission and reception of the
operation information are interrupted needs to retransmit the
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operation information. As a result, the collection efficiency of
the operation information by the management device 1s

reduced. The problems unique to the mine are not disclosed in
Patent Literature 1 and need to be solved.

An object of the invention 1s to prevent the interruption of
communication when operation information about a mining
machine 1s collected by wireless communication and reliably
collect the operation information.

Solution to Problem

According to the present invention, a mining machine
information collection system comprises: an in-vehicle infor-
mation collection device that 1s provided 1n a mining machine
and collects operation information about an operation state of
the mining machine; a position information detecting device
that 1s provided 1n the mining machine and detects position
information about a position of the mining machine; a first
wireless communication device that 1s provided in the miming
machine and performs communication; and an information
collection device that collects the operation information
through a second wireless communication device which com-
municates with the first wireless communication device,
wherein the information collection device transmits a posi-
tion information request command to request a transmission
ol the position information of the mining machine through the
second wireless communication device at a predetermined
time, and when the mining machine whose response to the
position information request command 1s received by the
second wireless commumnication device can stay 1n a commu-
nication range of the first wireless communication device
until a communication of the operation information of the
mining machine ends, the information collection device col-
lects the operation information of the mining machine whose
response 1s recerved.

In the present invention, 1t 1s preferable that the information
collection device determines whether the mining machine
whose response 15 recerved can stay 1n the communication
range until the communication of the operation information
of the mining machine ends, based on the position informa-
tion, a speed and a traveling direction of the mining machine
whose response 1s recerved of the mining machine, commu-
nication time of the operation information, and position infor-
mation about the communication range.

In the present invention, 1t 1s preferable that when receiving
information indicating that the mining machine is stopped 1n
the communication range and a place where a wireless com-
munication facility for recerving the operation information 1s
prepared from the in-vehicle information collection device,
the information collection device does not perform the deter-
mination and collects the operation information of the mining
machine stopped 1n the place where the wireless communi-
cation facility 1s prepared.

According to the present invention, a mining machine
information collection system comprises: an in-vehicle wire-
less communication device that 1s provided 1 a mining
machine and performs communication; an in-vehicle storage
device that stores a communication range of the in-vehicle
wireless communication device; a position 1nformation
detecting device that 1s provided 1n the mining machine and
detects position information about a position of the mining
machine; an 1in-vehicle information collection device that 1s
provided in the miming machine and collects operation infor-
mation about an operation state of the mining machine; and an
information collection device that collects the operation
information, wherein the in-vehicle information collection
device transmuits the operation information to the information
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collection device through the 1n-vehicle wireless communi-
cation device when the mining machine can stay in a com-
munication range of the im-vehicle wireless communication
device until a communication of the operation information
ends.

In the present invention, it 1s preferable that the in-vehicle
information collection device determines whether the mining
machine can stay in the communication range until the com-
munication of the operation information ends, based on the
position information, a speed and a traveling direction of the
mimng machine, communication time of the operation 1nfor-
mation, and position mformation about the communication
range.

In the present invention, 1t 1s preferable that the in-vehicle
storage device stores a moving path of the mining machine
when the operation information 1s transmitted as an operation
information transmittable path 1n association with a time
when the mining machine can stay in the communication
range, and when the mining machine enters the communica-
tion range while moving along the operation information
transmittable path, the in-vehicle information collection
device determines whether the mining machine can stay in the
communication range until the communication of the opera-
tion information ends, based on the time when the minming
machine can stay and communication time of the operation
information.

In the present invention, 1t 1s preferable that when the
mimng machine 1s stopped 1n the communication range and a
place where a wireless communication facility for recerving,
the operation information is prepared, the in-vehicle informa-
tion collection device transmits the operation information
without performing the determination.

In the present invention, 1t 1s preferable that 1t 1s determined
whether the mining machine 1s stopped 1n the place where the
wireless communication facility 1s prepared based on at least
one of a state of the speed of the mining machine and a change
in an amount of freight loaded 1n the mining machine.

Advantageous Effects of Invention

According to the mvention, it 1s possible to prevent the
interruption of communication when operation information
about a mining machine 1s collected by wireless communica-
tion and reliably collect the operation information.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a diagram 1llustrating a site to which an informa-
tion collection system of a mining machine according to a first
embodiment 1s applied.

FI1G. 2 1s a functional block diagram illustrating an infor-
mation collection device provided in the information collec-
tion system of the mining machine according to the first
embodiment.

FIG. 3 1s a diagram 1illustrating the structure of a dump
truck.

FIG. 4 1s a functional block diagram illustrating an in-
vehicle information collection device and peripheral devices
thereof.

FIG. 5 1s a flowchart 1llustrating an operation information
collection control process according to the first embodiment.

FIG. 6 1s a table illustrating the correspondence between
the state of the dump truck and a method of determining the
state.

FI1G. 7 1s a diagram 1illustrating an example of a method of
determining whether the dump truck can stay 1n a communi-
cation range until the communication of operation informa-
tion ends.
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FIG. 8 1s a flowchart 1llustrating an operation information
collection control process according to a second embodi-
ment.

FIG. 9 1s a flowchart illustrating the procedure of a process
related to the collection of operation information according to
a third embodiment.

FIG. 10 1s a diagram illustrating an example of a data table
in which moving path information about the history of a
moving path 1s associated with the time when a dump truck
can stay 1n a communication range corresponding to the his-
tory of the moving path.

FIG. 11 1s a diagram 1illustrating the moving path of the
dump truck and the communication range.

FIG. 12 1s a diagram 1llustrating the moving path of the
dump truck and the communication range.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the invention will be
described 1n detail with reference to the accompanying draw-
ings. The mvention 1s not limited by the content of the fol-
lowing embodiments. The following components include
components which can be concerved by those skilled in the art
and substantial equivalents. In addition, the following com-
ponents may be appropriately combined with each other.
Furthermore, the components may be omitted, replaced, or
changed 1n various ways, without departing from the scope
and spirit of the invention.

First Embodiment

FIG. 1 1s a diagram 1llustrating a site to which a system for
collecting information about a mining machine according to
a first embodiment 1s applied. The mining machine 1s a gen-
eral term of machinery which i1s used in various kinds of
operations 1n a mine. In this embodiment, as a truck, which 1s
a kind of the mining machine, a dump truck 20 1s used as an
example of a carrier which carries broken stones, or earth and
sand or rocks generated when the broken stones are drilled,
but 1s not limited thereto. For example, the mining machine
according to this embodiment may be an excavator, an elec-
tric shovel, or a wheel loader serving as a drilling machine
which drills, for example, broken stones.

<Outline of Miming Machine Information Collection Sys-
tem->

In a mining machine information collection system (here-
iafter, referred to as an information collection system, 1f
necessary) 1, an information collection device 10 collects
information about the operation of the dump truck 20 serving
as a mining machine from the dump truck 20 using wireless
communication. The imnformation collection device 10 1s a
kind of mining machine which 1s provided 1n, for example, a
mine management facility and a management device which
manages the operation of the mine, unlike the dump truck 20,
which 1s a moving body. As such, in principle, the movement
ol the information collection device 10 1s not considered. The
information about the operation of the dump truck 20 which
1s collected by the information collection device 10 1s 1nfor-
mation about the operation state of the dump truck 20 and
includes, for example, a traveling time, the distance traveled,
an engine temperature, the presence or absence of errors, a
place where an error occurs, a fuel consumption rate, and load
capacity. The operation information 1s mainly used for the
preventive maintenance of the dump truck 20 or to diagnose
the malfunctions of the dump truck 20. Therefore, the opera-
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tion information 1s useful to respond to needs for an improve-
ment 1n the productivity of the mine or an improvement in the
operation of the mine.

The information collection device 10 collects the informa-
tion about the operation of the dump truck 20 which operates
in the mine. Therefore, the information collection device 10 1s
connected to a second wireless communication device 18
including an antenna 18A. The dump truck 20 includes an
antenna 28 A 1n order to transmit the operation information or
communicate with the information collection device 10. In
addition, the dump truck 20 can receive radio waves from
GPS (Global Positioning System: omni-directional position-
ing system) satellites 5A, 5B, and 5C using a GPS antenna
28B and measure its own position.

The power of the radio wave transmitted from the antenna
28A of the dump truck 20 1s not 1n a communication range
capable of covering the entire region of the mine. In addition,
the radio wave transmitted from the antenna 28 A may not be
transmitted far over the obstacle, for example, a high moun-
tain from the relationship with the wavelength. Of course,
when a communication device capable of transmitting a high-
power radio wave 1s used, the communication range 1s wid-
ened and 1t 1s possible to remove the area 1n which commu-
nication 1s unavailable. However, since the mine 1s vast, a
wireless system which can form an information communica-
tion network i1n a limited range, such as a wireless LAN
(Local Area Network), 1s used 1n order to correspond to a
situation 1n which 1t 1s necessary to prevent an increase in the
costs of a repeater or a communication device or 1t 1s not
expected to ensure a communicate infrastructure according to
a region 1n which there 1s a mine. According to, for example,
a wireless LAN, 1t 1s possible to achieve mutual communica-
tion between the mining machine and the management facil-
ity (information collection device 10) at a low cost, but 1t 1s
necessary to solve the problem of a communication failure.
Therange of the radio wave transmitted from the antenna 28 A
of the dump truck 20 1s limited. Therefore, when the distance
between the dump truck 20 and the mmformation collection
device 10 increases or when there 1s a mountain therebe-
tween, the second wireless communication device 18 may not
receive the radio wave from the dump truck 20. Therefore, an
information collection system 1 includes a repeater 3 that
relays the radio wave transmitted from the antenna 28 A of the
dump truck 20 to the second wireless communication device
18. The repeater 3 enables the information collection device
10 to collect the operation information from the dump truck
20 which operates at a position away from the information
collection device 10 using wireless communication.

A predetermined area (a circular area 1n FI1G. 1) around the
place where the repeater 3 1s provided 1s a range in which an
in-vehicle wireless communication device 27 (first wireless
communication device) ol the dump truck 20 wirelessly com-
municates with the repeater 3, that 1s, a communication range
7. In this example, a circle with a radius R having the repeater
3 as the center 1s the communication range 7. The shape of the
communication range 7 1s not necessarily a circle, but may
vary depending on, for example, the relationship with another
repeater 3 or topography. A dump truck 20c¢ travels in a
direction (from the outside to the inside of the communication
range 7) represented by an arrow 1n FIG. 1. A dump truck 204
in the communication range 7 can communicate with the
second wireless communication device 18 through the
repeater 3. In some cases, 1t 1s difficult for the dump truck 20a
in the communication range 7 to communicate with the sec-
ond wireless communication device 18 according to the rela-
tionship between the amount of data 1n the operation infor-
mation to be transmitted and a vehicle speed (speed). For
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example, when the amount of data 1s large and the speed of the
dump truck 20a 1s high, the dump truck 20a 1s likely to get out
of the communication range 7 before data communication
ends and may not communicate with the second wireless
communication device 18.

A dump truck 205 which i1s traveling beyond the commu-
nicationrange 7 1s traveling beyond the communication range
ol the 1n-vehicle wireless communication device 27. There-
fore, the dump truck 206 may not communicate with the
second wireless communication device 18 through the
repeater 3. Similarly, the dump truck 20¢ which 1s traveling
beyond the communication range 7 1s traveling toward the
communication range 7. Therefore, the dump truck 20c may
not communicate with the second wireless communication
device 18 now. However, when the dump truck 20¢ continues
to travel toward the communication range 7, 1t can commu-
nicate with the second wireless communication device 18.
The mformation collection system 1 achieves stable and reli-
able wireless communication between the in-vehicle wireless
communication device 27 of the dump truck 20 and the sec-
ond wireless communication device 18, considering, for
example, the intensity of radio waves, the vehicle speed, and
the amount of data, and reliably and effectively collects the
information about the operation of the dump truck 20. Next,
the information collection device 10 will be described in
detal.

<Information Collection Device>

FIG. 2 1s a functional block diagram illustrating the infor-
mation collection device 10 provided in the information col-
lection system of the miming machine according to the first
embodiment. The information collection device 10 includes a
processing device 12, a storage device 13, and an input/output
unit (I/0) 15. A display device 16, an input device 17, and the
second wireless communication device 18 are connected to
the input/output unit 15 of the information collection device
10. The mformation collection device 10 1s, for example, a
computer. The processing device 12 1s, for example, a CPU
(Central Processing Unit). The storage device 13 1is, for
example, a RAM (Random Access Memory), a ROM (Read
Only Memory), a flash memory, a hard disk drive, or combi-
nations thereof. The input/output unit 15 1s used for the input
and output (interface) of information between the processing
device 12, and the display device 16, the input device 17, and
the second wireless communication device 18 which are con-
nected to the outside of the processing device 12.

The storage device 13 includes, for example, a communi-
cation range database (DB) 14 that stores an operation infor-
mation collection computer program for collecting the opera-
tion 1nformation about the dump truck 20 and the
communication range 7 between the in-vehicle wireless com-
munication device 27 (first wireless communication device)
of the dump truck 20 and each repeater 3. The communication
range database 14 1s position information about the range in
which the in-vehicle wireless communication device 27 of the
dump truck 20 can commumnicate with the repeater 3 and 1s
described by, for example, a set of a plurality of coordinates
for each repeater 3.

For example, it 1s assumed that the iside of a circle with a
radius R having the repeater 3 illustrated 1n FIG. 1 as the
center 1s the communication range 7. When an X-Y coordi-
nate system having the position of the repeater 3 as the origin
1s considered, the communication range 7 1s represented by
X*+Y*<R*. The communication range 7 can be calculated by
measurement using, for example, a measurement device
which can measure the intensity of radio waves. In addition,
the communication range 7 can be calculated from the speci-
fications of the repeater 3 and the in-vehicle wireless com-




US 9,105,137 B2

7

munication device 27. The communication range 7 may be
calculated by a combination of the measurement and the
specifications of the in-vehicle wireless communication
device 27. A place where the repeater 3 1s provided 1s mea-
sured by, for example, a GPS sensor 1in advance and data
indicating the place i1s stored 1in the communication range
database 14.

When the information collection device 10 collects the
operation information about the dump truck 20, the process-
ing device 12 performs, for example, the following process.
First, the information collection device 10 transmits a posi-
tion information request command (referred to as a broadcast,
if necessary) to request the transmission of the position infor-
mation about the dump truck 20 through the second wireless
communication device 18 at a predetermined time (predeter-
mined cycle). Among a plurality of dump trucks 20 which
operate 1n the mine, the dump truck 20 which has received the
broadcast transmits a response to a neighboring repeater 3.
Information in the response includes at least information
about the position of the dump truck 20, the vehicle speed
(speed), and the traveling direction. In addition, the response
may include at least one of identifiers for identitying the
plurality of dump trucks 20 and time information about the
response. The second wireless communication device 18
receives the response through the repeater 3 and the process-
ing device 12 and 1t can be determined that the dump truck 20
whose operation information 1s acquired stays in the commu-
nication range 7 at the time when the second wireless com-
munication device 18 receives the response (the time when
the dump truck 20 transmits the response). The processing
device 12 determines whether the dump truck 20 which has
transmitted the response to the broadcast to the second wire-
less communication device 18 can stay 1n the communication
range 7 until the communication of the operation information
tor the dump truck 20 ends. The processing device 12 deter-
mines whether the dump truck 20 can stay 1n the communi-
cation range 7 until the communication of the operation infor-
mation for the dump truck 20 ends, on the basis of, for
example, information about the position of the dump truck 20,
the speed and traveling direction of the dump truck 20, the
time required for the communication of the operation infor-
mation to be transmitted (operation information communica-
tion time), and position information about the communica-
tion range 7. When the dump truck 20, which 1s a
determination target, can stay 1n the communication range 7
until the communication of the operation information for the
dump truck 20 ends, the processing device 12 collects the
operation nformation about the dump truck 20 whose
response 1s recerved, that 1s, the dump truck 20 which 1s a
determination target.

For example, commands for implementing the above-men-
tioned process are described in the operation information
collection computer program. When the information collec-
tion device 10 collects the operation information for the dump
truck 20, the processing device 12 reads the operation infor-
mation collection computer program and the communication
range database 14 from the storage device 13, executes the
commands described 1n the operation information collection
computer program to collect the operation information about
the dump truck 20, and stores the operation information in the
storage device 13.

The display device 16 1s, for example, a liquid crystal
display and displays information required to collect the
operation information about the dump truck 20. The mput
device 17 1s, for example, a keyboard, a touch panel, or a
mouse and puts information required to collect the opera-
tion information about the dump truck 20. The second wire-
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less communication device 18 includes the antenna 18A and
wirelessly communicates with the in-vehicle wireless com-
munication device 27 of the dump truck 20 through the
repeater 3 to exchange information. Next, the dump truck 20
will be described 1n detail.

<Dump Truck>

FIG. 3 1s a diagram 1illustrating the structure of a dump
truck. The dump truck 20 loads freight, travels, and unloads
the freight at a desired place. The dump truck 20 includes a
vehicle body 21, a vessel 22, wheels 23, suspension cylinders
24, rotation sensors 23, suspension pressure sensors (pressure
sensors) 26, the i-vehicle wireless communication device
(first wireless communication device) 27 connected to the
antenna 28 A, a position information detecting device (a GPS
receiver 1n this embodiment) 29 to which the GPS antenna
28B 1s connected, and an in-vehicle information collection
device 30. The dump truck 20 includes various kinds of
mechanisms and functions of the general truck, 1n addition to
the above-mentioned components. In the first embodiment,
the dump truck 20 1s steered by front wheels (wheels 23).
However, the invention can be applied to an articulated dump
truck 1n which a vehicle body 1s divided into a front portion
and a rear portion and the front and rear portions are con-
nected to each other by an articulated joint.

In the dump truck 20, an internal-combustion engine, such
as a diesel engine, drives a power generator to obtain power
and an electric motor 1s driven by the power to drive the
wheels 23 which are mechanically connected to an output
shaft of an electric motor. As such, the dump truck 20 1s a
so-called electrically-driven type, but the driving type of the
dump truck 20 1s not limited thereto. The vessel 22 functions
as a truck bed on which freight 1s loaded and 1s provided at the
upper part of the vehicle body 21. For example, broken
stones, or earth and sand are loaded as the freight on the vessel
22 by a loading machine such as an excavator. The wheel 23
includes a tire and a wheel frame, 1s provided in the vehicle
body 21, and 1s driven by power transmitted from the vehicle
body 21, as described above. The suspension cylinder 24 1s
provided between the wheel 23 and the vehicle body 21. In the
vehicle body 21 and the vessel 22, a load corresponding to the
weight of the freight when the frelght 1s loaded 1s applied to
the wheel 23 through the suspension cylinder 24.

The rotation sensor 25 detects the rotation speed of the
wheel 23 to measure the vehicle speed. The suspension pres-
sure sensor (referred to as a pressure sensor, 1f necessary) 26
detects the load applied to the suspension cylinder 24. That is,
hydraulic o1l 1s sealed 1n the suspension cylinder 24 and the
suspension cylinder 24 1s contracted and expanded according
to the weight of the freight. The pressure sensor 26 1s provided
in each suspension cylinder 24 of the dump truck 20 and
detects the pressure of the hydraulic o1l to measure the weight
of the freight (the amount of cargo). The GPS antenna 28B
receives radio waves output from a plurality of GPS satellites
5A, 5B, and 3C (see FIG. 1) forming a GPS (Global Position-
ing System). The GPS antenna 28B outputs the recerved radio
waves to the position information detecting device 29. The
position information detecting device 29 converts the radio
waves recerved by the GPS antenna 1nto electric signals and
calculates (measures) 1ts position information, that 1s, the
position information about the dump truck 20. The in-vehicle
wireless communication device 27 wirelessly communicates

with the repeater 3 or the antenna 18A of the management
tacility 1llustrated 1n FIG. 1 through the antenna 28A. The

in-vehicle wireless communication device 27 1s connected to

the in-vehicle information collection device 30. In this way,
the 1n-vehicle information collection device 30 transmits and

receives each iformation item through the antenna 28A.
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Next, the in-vehicle information collection device 30 and
peripheral devices thereof will be described.

<In-Vehicle Information Collection Device and Peripheral
Devices Thereot>

FIG. 4 1s a functional block diagram illustrating the in-
vehicle information collection device 30 and peripheral
devices thereof. The 1n-vehicle information collection device
30 of the dump truck 20 1s connected to an in-vehicle storage
device 31, the in-vehicle wireless communication device 27,
the position information detecting device 29, and a miming,
machine mformation acquiring device 32. The in-vehicle
information collection device 30 1s, for example, a computer
including a CPU (Central Processing Unit) and a memory.
The in-vehicle mformation collection device 30 collects
operation information about the operation state of the dump
truck 20 from the mining machine information acquiring
device 32.

The 1n-vehicle storage device 31 1s, for example, a RAM
(Random Access Memory), a ROM (Read Only Memory), a
flash memory, a hard disk drive, or combinations thereof. The
in-vehicle storage device 31 stores a computer program 1n
which commands for the in-vehicle information collection
device 30 to collect operation information are described. The
in-vehicle mformation collection device 30 reads the com-
puter program, acquires the operation information from the
mimng machine information acquiring device 32 at a prede-
termined time, and temporarily stores the operation informa-
tion 1n the m-vehicle storage device 31. When information,
such as an engine temperature, 1s normally monitored, the
predetermined time means a predetermined cycle. When an
abnormal state (for example, an excessive increase in the
temperature of hydraulic o1l) occurs, the predetermined time
means the time when the abnormal state occurs. In this case,
the in-vehicle information collection device 30 may perform,
for example, a statistical process of calculating the average,
mode, or standard deviation of information 1n the same item.

The m-vehicle information collection device 30 receives a
request from the information collection device 10 illustrated
in FIG. 2 and transmits the collected operation information to
the information collection device 10 through the 1n-vehicle
wireless communication device 27. In addition, the in-vehicle
information collection device 30 acquires the position infor-
mation about the dump truck 20 from the position informa-
tion detecting device 29 and transmits the acquired position
information together with information about the vehicle
speed and the traveling direction at the position in the position
information to the information collection device 10 1illus-
trated i FI1G. 2 through the in-vehicle wireless communica-
tion device 27. The vehicle speed may be detected by the
position mformation detecting device 29 or a vehicle speed
sensor provided 1n the dump truck 20. The traveling direction
may be calculated from, for example, a change in the position
information at a predetermined time, or an acceleration sen-
sor may be provided and the traveling direction may be the
direction of acceleration detected by the acceleration sensor.
Alternatively, the traveling direction may be calculated by a
combination of the two methods.

The mining machine information acquiring device 32
includes various kinds of sensors, such as the rotation sensor
25, the pressure sensor 26, a hydraulic sensor 33 A that detects
a change 1n the pressure of hydraulic o1l 1 a hoist cylinder
which lifts and drops the vessel 22, a sensor 33B that detects
an operation of a dump lever which 1s used by an operator to
l1tt and drop the vessel 22, and a fuel sensor 33C. The mining
machine imnformation acquiring device 32 includes various
kinds of control devices, such as an engine control device 35A
that acquires information including signals output from vari-
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ous kinds of sensors or command signals generated by the
operation of an accelerator by the driver and controls the
engine of the dump truck 20, an electric motor control device
35B, and a hydraulic pressure control device 35C, 1n addition
to the various kinds of sensors. The in-vehicle information
collection device 30 collects information from the various
kinds of sensors and the various kinds of control devices as
the operation information for the dump truck 20. Next, 1n this
embodiment, an example of a control (operation information
collection control) operation 1n which the information collec-
tion system 1 of the mining machine collects the operation
information about the dump truck 20 will be described.
<Operation Information Collection Control>

FIG. 5 1s a flowchart 1llustrating the procedure of an opera-
tion 1information collection control process according to the
first embodiment. FIG. 6 1s a table 1llustrating the correspon-
dence between the state of the dump truck 20 and a method of
determining the state. FIG. 7 1s a diagram illustrating an
example of a method of determining whether the dump truck
20 can stay 1n the communication range 7 until the commu-
nication of the operation information ends. In the operation
information collection control according to this embodiment,
the mformation collection device 10 provided in the mine
management facility collects the operation information about
the dump truck 20, which 1s a moving body, using wireless
communication. The information collection device 10 1n the
management facility 1s scheduled to collect the operation
information. The information collection device 10 instructs
cach dump truck 20 to transmit the operation information, for
example, at a fixed time or a predetermined interval every day.
In Step S101, the information collection device 10 transmits
a broadcast. The broadcast 1s transmitted 1n a relatively short
cycle ({or example, once per second). All of the dump trucks
20 which operate 1n the mine do not recerve the broadcast.
When there are the dump trucks 20 which are disposed in the
place where communication conditions are bad, some of the
dump trucks 20 may not receive the broadcast.

The dump truck 20 which receives the broadcast using the
in-vehicle wireless communication device 27 transmits a
response to the information collection device 10. The dump
truck 20 which does not receive the broadcast using the in-
vehicle wireless communication device 27 does not transmit
a response. In Step S102, the response transmitted from the
in-vehicle wireless communication device 27 1s recetved by
the second wireless communication device 18 connected to
the information collection device 10 through the repeater 3
and 1s then acquired by the information collection device 10.
Then, the process proceeds to Step S103 and the information
collection device 10 compares information about the position
of the dump truck 20 included 1n the response with the posi-
tion information which has been read from the storage device
13 and then stored 1n the communication range database 14.
As aresult, when the dump truck 20 (the dump truck 20 from
which the response has been transmitted to the second wire-
less commumnication device 18) which has transmitted the
response to the second wireless communication device 18 1s
in the communication range 7 (Step S103, Yes), the informa-
tion collection device 10 proceeds to Step S104. When the
dump truck 20 from which the response has been transmaitted
to the second wireless communication device 18 1s not in the
communication range 7 (Step S103, No), one cycle of the
operation mnformation collection control ends and the next
cycle of the operation information collection control starts.

In Step S104, when imformation indicating that the dump
truck 20 1n the communication range 7 1s 1n a specific state 1s
received (Step S104, Yes), the information collection device
10 proceeds to Step S108. When the information indicating
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the specific state 1s not received (Step S104, No), the infor-
mation collection device 10 proceeds to Step S105. The spe-
cific state means a state 1n which the dump truck 20 1s stopped
(halted) 1n the place where the wireless communication facil-
ity for receiving the operation mformation about the dump
truck 20 1s installed. The place where the wireless communi-
cation facility 1s installed means a place where the dump truck
20 15 likely to be stopped for a given period of time. For
example, the place includes a gas station for supplying fuel to
the mining machine, such as the dump truck 20, an unloading,
place where the freight in the vessel 22 of the dump truck 20
1s unloaded, or a loading place where broken stones are
loaded to the vessel 22 of the dump truck 20 by, for example,
an excavator. When the wireless communication facility (for
example, the repeater 3) for collecting the operation informa-
tion 1s stalled 1n the place, data for the operation informa-
tion can be transmitted to the management facility while fuel
1s being supplied, the freight 1s being loaded, or the freight 1s
being unloaded. Therefore, 1t 1s possible to reliably transmit
data.

When the dump truck 20 stays 1in the communication range
7 and 1s 1n the specific state (Yes 1 Step S103 and Yes in Step
S104), in Step S108, the information collection device 10
acquires the operation iformation from the in-vehicle stor-
age device 31 through the 1n-vehicle information collection
device 30 of the dump truck 20 using wireless communica-
tion. In order to determine whether the dump truck 20 1s in the
specific state, the in-vehicle information collection device 30
of the dump truck 20 inserts, 1nto the response to the broad-
cast, information indicating the state of the dump truck 20
when the response 1s transmitted and transmits the response.
Examples of the information (dump state information) indi-
cating the state of the dump truck 20 include information
about the speed of the dump truck 20, information about the
amount of freight 1n the vessel 22, and information about the
amount of fuel. The information collection device 10 deter-
mines whether the dump truck 20 is 1n the specific state on the
basis of the dump state information.

For example, when the speed of the dump truck 20 1s 0 and
the pressure of the pressure sensor 26 serving as a load mea-
surement device 1s increasing, that 1s, 1t 1s detected that the
amount of freight 1s increasing, 1t can be determined that the
freight 1s being loaded to the dump truck 20 in the loading
place since the freight 1s being loaded to the vessel 22 (see
“loading” 1n FIG. 6). When the speed of the dump truck 20 1s
0 and the pressure of the pressure sensor 26 1s being reduced,
that 1s, 1t 15 determined that the amount of freight 1s being
reduced, 1t can be determined that the freight is being
unloaded from the dump truck 20 in the loading place since
the freight 1s being unloaded from the vessel 22 (see “unload-
ing”” i FIG. 6). When the speed of the dump truck 20 1s O, the
tuel sensor 33C transmits a signal indicating an increase 1n
tuel as a predetermined signal, the information about the
position of the dump truck 20 included 1n the response to the
broadcast 1s disposed in the known gas station in advance, 1t
can be determined that the dump truck 20 1s being supplied
with o1l 1n the gas station (see “o1l supply” 1n FIG. 6). Since
the repeater 3 corresponds to the wireless communication
facility for collecting the operation information, the dump
truck 20 stopped 1n the commumnication range 7 may be deter-
mined to be the specific state, that 1s, the dump truck 20 may
be determined to be stopped 1n the place where the wireless
communication facility for receiving the operation informa-
tion 1s prepared. Therefore, even when the vehicle speed 1s O
in the communication range 7 (see “stop” in FI1G. 6), the dump
truck 20 1s 1n the specific state. As such, 1n this embodiment,
it 1s determined whether the dump truck 20 1s stopped 1n the
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place where the wireless communication facility 1s prepared,
on the basis of at least one of a state of the speed of the dump
truck 20 and a change 1n the amount of freight loaded 1n the
dump truck 20. The in-vehicle information collection device
30 inserts the dump state mnformation including the above-
mentioned information into the response to the broadcast and
transmits the response. The information collection device 10
determines the state of the dump truck 20 on the basis of the
received dump state information.

When the dump truck 20 1s not 1n the specific state (Step
S104, No), in Step S105, the information collection device 10
calculates an operation information communication time.
The operation information communication time 1s the time
from the start of the communication of the operation infor-
mation to be transmitted to the end of the communication.
The operation information communication time can be cal-
culated by dividing the amount of operation information to be
transmitted by a communication rate (the operation informa-
tion communication time=the standard amount of informa-
tion/communication rate). The amount of operation informa-
tion to be transmitted varies depending on the operation
information collected by the 1n-vehicle information collec-
tion device 30. In this embodiment, a predetermined amount
of information (the standard amount of information) 1s used.
The communication rate 1s determined by the specifications
of the 1n-vehicle wireless communication device 27, the sec-
ond wireless communication device 18, and the repeater 3
(which holds for the following embodiments). The standard
amount of information and the communication rate are stored
in the storage device 13 of the information collection device
10. When the operation information communication time 1s
calculated, the information collection device 10 reads the
standard amount of information and the communication rate
from the storage device 13 and calculates the operation infor-
mation communication time. Since the standard amount of
information and the communication rate have been known,
the operation mformation communication time may be cal-
culated 1n advance and then stored 1n the storage device 13
and the information collection device 10 may read the opera-
tion information communication time in Step S105.

Then, in Step S106, the information collection device 10
calculates the position (referred to as a position when com-
munication ends) of the dump truck 20 when the communi-
cation of the operation information between the dump truck
20 and the mformation collection device 10, specifically,
between the 1n-vehicle information collection dewce 30 and
the imnformation collection device 10 ends. The position when
the communication ends 1s calculated on condition that the
speed and the traveling direction of the dump truck 20 at
present are maintained.

As 1llustrated 1n FIG. 7, 1t 1s assumed that the dump truck
20 1n the communication range 7 travels at a speed Vc 1n a
traveling direction Vce (an extension direction represented by
an arrow 1ndicating the speed V¢ 1n FIG. 7). Information
about the speed V¢ and the traveling direction Vce of the
dump truck 20 1s included 1n the above-mentioned response.
When the operation information communication time calcus-
lated 1n Step S105 15 T, the operation information communi-
cation time T 1s required from the start to the end of commu-
nication. Since the dump truck 20 travels at the speed Vc, the
distance L traveled by the dump truck 20 during the operation
information communication time T 1s TxVc¢. When the opera-
tion information starts to communicate at a position (Ccommu-
nication start position) P(X1,Y 1), 1t 1s expected that a position
E(X2,Y2) which 1s TxVc away from the position P(X1,Y1)
in the traveling direction Vce will be a communication end
position.
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For example, 1t 1s assumed that, in the X-Y coordinate
system having the position where the repeater 3 1s provided as
the origin, the traveling direction Vce of the dump truck 20 1s
inclined at an angle 0 with respect to the Y-axis. The distance
between the communication start position P(X1, Y1) and the
communication end position E(X2, Y2) 1s L. Since the com-
munication start position P(X1,Y1)1s regarded to be the same
as the position where the information collection device 10
receives the response, coordinate values are known. There-
fore, the communication end position E(X2, Y2) can be rep-
resented by E(X1-Lxsin 0, Y2+Lxcos 0). As such, the com-
munication end position E(X2, Y2) can be calculated on the
basis of the information about the position of the dump truck
20, the vehicle speed (speed) and traveling direction of the
dump truck 20, and the operation information communica-
tion time.

When the communication end position E(X2, Y2) 1s cal-
culated, the process proceeds to Step S107 and the informa-
tion collection device 10 determines whether the dump truck
20 can stay 1n the communication range 7 until the commu-
nication of the operation information to be transmitted ends.
In this embodiment, as illustrated in FIG. 7, the communica-
tion range 7 1s the 1mside of a circle with aradius R having the
position of the repeater 3 as the center C(XO0, YO). Therefore,
when the communication end position E(X2, Y2) calculated
in Step S106 1s 1n the communication range 7, the dump truck
20 can stay 1n the communication range 7 until the commu-
nication of the operation information ends.

For example, when a distance Le between the center C(XO0,
YO0) and the communication end position E(X2, Y2) 1s less
than R, the communication end position E(X2, Y2) 1s 1n the
communication range 7. For example, the information col-
lection device 10 calculates the distance Le and compares the
distance Le with R. When R>Le 1s satisfied, 1t 1s determined
that the dump truck 20 can stay in the communication range 7
until the communication of the operation information ends
(Step S107, Yes). In this case, 1n Step S108, the information
collection device 10 acquires the operation information from
the m-vehicle storage device 31 through the 1n-vehicle infor-
mation collection device 30 of the dump truck 20 using wire-
less communication. When R<I[ e 1s satisfied, the information
collection device 10 determines that the dump truck 20 may
not stay in the communication range 7 until the communica-
tion of the operation information ends (Step S107, No). In this
case, one cycle of the operation mformation collection con-
trol ends and the next cycle of the operation information
collection control starts.

In this embodiment, when the operation information about
the dump truck 20, which 1s a moving body, is collected, the
operation information 1s collected from the dump truck 20
which can stay in the communication range 7 until the
response to the broadcast 1s recerved and the communication
of the operation information to be transmitted ends. In order
to perform the process, information in the response to the
broadcast includes the vehicle speed (speed) and the traveling,
direction, 1n addition to the position information. Then, the
information collection device 10 determines whether the
dump truck 20 whose response to the broadcast 1s recerved
can stay in the communication range 7 until the communica-
tion of the operation information about the dump truck 20
which will be transmitted ends, on the basis of the acquired
position information, vehicle speed, and traveling direction,
the operation information communication time, and the posi-
tion information about the communication range 7. In this
way, the dump truck 20 1s selected which can stay in the
communication range 7 until the communication of the
operation information ends. Therefore, 1t 1s possible to

10

15

20

25

30

35

40

45

50

55

60

65

14

achieve stable and reliable wireless communication and reli-
ably and efl

ectively collect the operation information about
the dump truck 20. That 1s, when the operation information
about the dump truck 20 is collected by wireless communi-
cation, the mnformation collection device 10 can prevent the
communication of imformation from being interrupted and
reliably collect the operation information.

In this embodiment, when the dump truck 20 1s stopped 1n
the communication range 7 and the place where the wireless
communication facility for receiving the operation informa-
tion 1s prepared, the information collection device 10 does not
perform “the process of determining whether the dump truck
20 can stay 1n the communication range 7 until the commu-
nication of the operation information ends”. Then, the infor-
mation collection device 10 collects the operation informa-
tion about the dump truck 20 which 1s stopped 1n the place
where the wireless communication facility 1s prepared. In this
way, when the dump truck 20 1s 1n the specific state 1n the
communication range 7, 1t 1s not necessary to determine
whether the dump truck 20 can stay in the communication
range 7 until the communication of the operation information
to be transmitted ends. Therefore, 1t 1s possible to rapidly
perform the process. In addition, in this embodiment, the
process of determining whether the dump truck 20 is 1n the
specific state, that 1s, Step S104 may not be performed (which
holds for the followmg embodiments). In this case, when the
determination result 1 Step S103 15 “Yes”, Step S1035 1s
performed.

In this embodiment, the information collection device 10
determines whether the dump truck 20 whose response to the
broadcast 1s recerved can stay in the communication range 7
until the communication of the operation information about
the dump truck 20 ends. Therefore, the in-vehicle information
collection device 10 of the dump truck 20 only transmits the
response to the broadcast. For example, even when the posi-
tion of the repeater 3 1s changed and the communication range
7 1s changed, the information collection device 10 may only
rewrite the communication range database 14. As a result, in
this embodiment, even when the layout of the mine 1s changed
and the position of the repeater 3 1s changed and even when
the structure of the information collection system 1 1s
changed, it 1s possible to relatively easily respond to the
changes. When each dump truck 20 performs the process
from Step S103 to Step S107, it 1s p0551ble to respond to the
process by transmitting information in the commumnication
range database 14 rewritten by the information collection

device 10 from the management facility to each dump truck
20.

Second Embodiment

A second embodiment can be implemented by the same
system structure as the information collection system 1
according to the first embodiment. In the first embodiment,
the information collection device 10 provided in the mine
management facility transmits the broadcast and determines
whether the dump truck can stay in the communication range
7 until the communication of the operation information ends.
In this embodiment, the in-vehicle information collection
device 30 1llustrated 1n FIG. 4 determines whether the dump
truck 20 including the in-vehicle information collection
device 30 stays in the communication range 7, determines
whether the dump truck 20 can stay in the commumnication
range 7 until the communication of operation information
ends, and transmits the operation information to the informa-
tion collection device 10.
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Therefore, the in-vehicle information collection device 30
includes the functions of the information collection device 10
according to the first embodiment, except for the transmission
of the broadcast. When the dump truck can stay in the com-
munication range 7 of the in-vehicle wireless communication
device 27 until the commumnication of the operation informa-
tion to be transmitted ends, the in-vehicle information collec-
tion device 30 transmits the operation information to the
information collection device 10 through the in-vehicle wire-
less communication device 27. Then, the in-vehicle informa-
tion collection device 30 determines whether the dump truck
20 can stay 1n the communication range 7 until the commu-
nication of the operation information to be transmitted ends,
on the basis of information about position, the speed and
traveling direction of the dump truck 20 including the in-
vehicle information collection device 30, the operation infor-
mation communication time, and position mnformation about
the communication range 7. Next, an example of operation
information collection control according to this embodiment
will be described.

<Operation Information Collection Control>

FI1G. 8 1s a flowchart 1llustrating the procedure of an opera-
tion mnformation collection control process according to the
second embodiment. In this embodiment, the dump truck 20,
that 1s, the in-vehicle information collection device 30 deter-
mines the time when the operation information 1s transmitted
to the information collection device 10 and transmits the
operation information. In this embodiment, the in-vehicle
information collection device 30 mainly performs each step
of the operation information collection control process, and
the content of each step of the operation information collec-
tion control process 1s substantially the same as that of the
corresponding steps of the operation information collection
control process according to the first embodiment. Since the
in-vehicle information collection device 30 performs the pro-
cess, the m-vehicle storage device 31 stores the above-men-
tioned communication range database 14 as information
about the communication range 7 required for the process.

In Step S201, the in-vehicle information collection device
30 acquires the position information about the dump truck 20
including the in-vehicle imformation collection device 30
using a position information detecting device 29. In this
embodiment, the position information 1s the latitude and lon-
gitude (the altitude, 11 necessary) acquired from the position
information detecting device 29 illustrated 1in FIG. 4. Then,
the process proceeds to Step S202 and the in-vehicle nfor-
mation collection device 30 compares the position informa-
tion about the dump truck 20 obtained in Step S201 with the
position information which has been read from the in-vehicle
storage device 31 and then stored 1n the communication range
database 14. When the dump truck 20 stays 1n the communi-
cation range 7 (Step S202, Yes), the information collection
device 10 proceeds to Step S203. When the dump truck 20
does not stay 1n the communication range 7 (Step S202, No),
one cycle of the operation information collection control ends
and the next cycle of the operation information collection
control starts.

The content of the process 1n Step S203 1s the same as that
of the process 1n Step S104 1n the first embodiment and the
in-vehicle information collection device 30 performs the pro-
cess. When the dump truck 20 stays in the communication
range 7 and 1s 1n a speciiic state (Yes 1 Step S202 and Yes in
Step S203), 1n Step S207, the in-vehicle information collec-
tion device 30 transmits the operation information to be trans-
mitted from the 1n-vehicle storage device 31 to the informa-
tion collection device 10 using wireless communication. The
in-vehicle information collection device 30 determines
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whether the dump truck 20 1s 1n the specific state on the basis
of information indicating the state of the dump truck 20.

When the dump truck 20 1s not 1n the specific state (Step
S203, No), in Step S204, the in-vehicle information collec-
tion device 30 calculates the operation information commu-
nication time. In this embodiment, the operation information
communication time can be calculated by dividing the actual
amount ol operation information transmitted by the in-ve-
hicle information collection device 30 by the communication
rate (the operation information communication time=the
actual amount of information/the communication rate). In
this way, even when the amount of operation information to
be transmitted 1s changed, 1t 1s possible to accurately calculate
the operation information communication time. Then, the
in-vehicle information collection device 30 proceeds to Step
S205 and calculates a communication end position. A posi-
tion when communication ends and a method of calculating
the position are the same as those 1n the first embodiment.

When the communication end position 1s calculated, the
in-vehicle information collection device 30 proceeds to Step
5206 and determines whether the dump truck 20 can stay 1n
the communication range 7 until the communication of the
operation information to be transmitted ends. The determina-
tion method 1s the same as that 1n the first embodiment. When
the in-vehicle mformation collection device 30 determines
that the dump truck 20 can stay in the communication range 7
until the communication of the operation information to be
transmitted ends (R>Le, as illustrated 1n FIG. 7) (Step S206,
Yes), 1n Step S207, the in-vehicle mformation collection
device 30 transmits the operation mformation from the 1n-
vehicle storage device 31 to the information collection device
10 using wireless communication. On the other hand, when R
Le 1s satisfied as 1llustrated 1in FIG. 7, the in-vehicle informa-
tion collection device 30 determines that the dump truck 20
may not stay in the communication range 7 until the commu-
nication of the operation information to be transmitted ends
(Step S206, No). In this case, one cycle of the operation
information collection control ends and the next cycle of the
operation information collection control starts.

In this embodiment, when the operation information about
the dump truck 20, which 1s a moving body, 1s collected, the
dump truck 20 which can stay in the commumnication range 7
until the communication of the operation information ends
transmits the operation information to the mformation col-
lection device 10. In this way, 1t 1s possible to achieve stable
and reliable wireless communication and reliably and efiec-
tively collect the operation information about the dump truck
20. In addition, 1n this embodiment, since the information
collection device 10 does not need to transmit a broadcast, it
1s possible to reduce the load of a wireless communication
line and thus reduce the load of the information collection
device 10.

Third Embodiment

In a third embodiment, similarly to the second embodi-
ment, the in-vehicle information collection device 30 1llus-
trated 1n F1G. 4 determines whether the dump truck 20 includ-
ing the in-vehicle mformation collection device 30 stays 1n
the communication range 7, determines whether the dump
truck 20 can stay in the communication range 7 until the
communication of operation information to be transmitted
ends, and transmits the operation information to the informa-
tion collection device 10. In addition, in the third embodi-
ment, the moving path of the dump truck 20 when the opera-
tion 1nformation 1s transmitted 1s stored as an operation
information transmittable path in the in-vehicle storage
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device 31 so as to be associated with the time when the dump
truck 20 can stay 1n the communication range 7. Then, when
the dump truck 20 including the in-vehicle information col-
lection device 30 enters the communication range 7 while
moving along the operation information transmittable path,
the in-vehicle information collection device 30 determines

whether the dump truck 20 can stay in the commumnication
range 7 until the communication of the operation information
to be transmitted ends, on the basis of the time when the dump
truck 20 can stay in the communication range and the opera-
tion information communication time. In this way, when the
dump truck 20 passes through the operation information
transmittable path, the time when the dump truck 20 can stay
in the communication range 7 1s known from the previous
history and 1s used to reduce the processing time. Next, an
example of operation information collection control accord-
ing to this embodiment will be described.

FI1G. 9 1s a flowchart illustrating the procedure of a process
related to the collection of operation information according to
third embodiment. FIG. 10 1s a diagram illustrating an
example of a data table 36 1n which moving path information
indicating the history of the moving path 1s associated with
the time when the dump truck can stay in the communication
range 7 which corresponds to the history of the moving path.
FIGS. 11 and 12 are diagrams illustrating the moving path of
the dump truck and the communication range 7.

In Step S301, the in-vehicle information collection device
30 acquires at least position information about the dump truck
20 including the in-vehicle information collection device 30.
Step S301 15 the same as Step S202 1n the second embodi-
ment. Then, in Step S302, the in-vehicle information collec-
tion device 30 compares the position information about the
dump truck 20 which i1s acquired 1n Step S301 with the opera-
tion information transmittable path. The operation informa-
tion transmittable path 1s information indicating the previous
moving path and 1s particularly a moving path of the dump
truck 20 associated with the allowable stay time of the dump
truck when the dump truck 20 travels 1n the communication
range 7. Next, the data table 36 will be described.

The data table 36 1llustrated 1n FIG. 10 1s used to determine
whether the dump truck 20 1s moved along the operation
information transmittable path in the operation information
collection control according to this embodiment. The data
table 36 1s stored in the in-vehicle storage device 31. The
moving path information and the time when the allowable
stay time (the time when the dump truck 20 can stay in the
communication range 7) are described 1n the data table 36 so
as to be associated with each other. Case numbers are given
for convenience of explanation and are not given 1n the actual
data table 36.

The moving path information 1s a set of position informa-
tion (latitude and longitude) indicating the traveling path
along which the dump truck 20 travels.

In the data table 36, A, B, and C indicate the kinds of
moving paths. 1 to I indicate time points when the moving
path information 1s acquired at a predetermined time 1nterval.
X and Y indicate coordinate values 1n the X-Y coordinate
system. In addition, X corresponds to the latitude and Y
corresponds to the longitude. For example, A(X, Y)1 indi-
cates a first position information 1tem which 1s acquired in a
moving path A. As in case 2, when the dump truck 20 travels
only to 2, the previous moving path information i1s only B(X,
Y)1 and B(X, Y)2 and the position information 1s not accu-
mulated. When the dump truck 20 has never entered the
communication range 7, there 1s no mformation about the
allowable stay time, as 1n case 2 and case 3.
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Each case will be described in detail with reference to
FIGS. 10 and 11.

(1) Case 1 1s when the dump truck travels to a point Pt along
the traveling path A and stays in the communication range for
a time TAT.

(2) Case 2 1s position mformation about a traveling path
when the dump truck travels to a point P2 along a traveling
path B. In case 2, the dump truck does not say in the commu-
nication range.

(3) Case 3 1s when the dump truck travels to a point P2
along a traveling path C and stays 1in the communication range
for a time TC1.

(4) Case 4 1s when the dump truck travels to the point P1
along the traveling path A and does not stay in the commu-
nication range.

(5) Case 5 1s position mnformation about a traveling path
when the dump truck travels to the point P2 along the travel-
ing path A. In case 35, the dump truck does not say 1n the
communication range.

(6) Case 6 1s when the dump truck travels to a point Pn
along the traveling path A and stays in the communication
range for a time TAn.

Case 1 and case 6 are different from each other 1n that the
dump truck 20 travels to the points Pn and Pf1n FIG. 11. The
allowable stay time satisfies the following relationship:
TAn<TAI. Case 4 and case 5 are different from each other 1n
that the dump truck 20 travels to the points Pf and P2. In case
5, when the dump truck 20 travels to the point P1, the moving
path information 1s the same as that 1n case 4.

In this embodiment, the in-vehicle information collection
device 30 of the dump truck 20 stores the moving path infor-
mation, that 1s, the history of the previous moving path in the
in-vehicle storage device 31 at a predetermined time interval.
Then, the in-vehicle information collection device 30
describes the moving path information and the allowable stay
time 1n the data table 36.

The 1n-vehicle information collection device 30 compares
the position information about the dump truck 20 with posi-
tion mformation about the operation mformation transmit-
table path. When the position information items are 1dentical
to each other (Step S303, Yes), the process proceeds to Step
S304. When the position information 1tems are not 1dentical
to each other (Step S303, No), the process proceeds to Step
S305. The determination of whether the position information
items are identical to each other includes complete 1dentity
between the two position mformation items and identity
between the two position information 1tems 1 a predeter-
mined range.

Points P1, P2, P3, Ppl, and Pf on a solid line represented by
A and a dashed line 1n FIG. 11 correspond to the position
information of the operation information transmittable path
A. When the dump truck 20 travels through the points P1, P2,
and P3 and reaches the point Ppl, the position information
about the dump truck 20 1s 1dentical to the position informa-
tion about the operation information transmittable path A.
This 1s because the previous moving path information 1s 1den-
tical to the moving path of the dump truck 20. On the other
hand, when the dump truck 20 travels to the point P1 and then
reaches the point Pp2, the position information about the
dump truck 20 1s not identical to the position information
about the operation information transmittable path A. This 1s
because there 1s no previous moving path information and
there 1s no history of the previous moving path.

When the position information about the dump truck 20 1s
identical to the position immformation about the operation
information transmittable path, a counter increases (count
value Nc=1) in Step S304. When the position information
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about the dump truck 20 1s not 1identical to the position infor-
mation about the operation information transmittable path,
the counter 1s cleared (count value Nc=0) 1n Step S305. Then,
the process proceeds to Step S306 and the 1n-vehicle infor-
mation collection device 30 determines whether the dump
truck 20 enters the communication range 7. This determina-
tion 1s the same as that 1n Step S202 in the second embodi-
ment.

When the dump truck 20 enters the communication range 7
(Step S306, Yes), the process proceeds to Step S307. The
content of the process 1n Step S307 1s the same as that of the
process 1 Step S104 1n the first embodiment and the in-
vehicle information collection device 30 performs the pro-
CEess.

When the dump truck 20 stays 1in the communication range
7 and 1s 1n a specific state (Yes 1n Step S306 and Yes 1n Step
S307), in Step S308, the mn-vehicle mnformation collection
device 30 transmits the operation mformation from the 1n-
vehicle storage device 31 to the information collection device
10 using wireless communication.

When the dump truck 20 does not enter the communication
range 7 (Step S306, No), the in-vehicle mnformation collec-
tion device 30 returns to Step S301 and repeatedly performs
Steps S301 to S305 until the dump truck 20 enters the com-
municationrange 7 (Step S306, Yes). As such, 1 this embodi-
ment, Steps S301 to S305 are repeatedly performed at a
predetermined time interval until the dump truck 20 enters the
communication range 7. When the dump truck 20 travels
along the same moving path as the operation information
transmittable path, the position information about the dump
truck 20 1s identical to the position mformation about the
operation information transmittable path in Step S303. There-
fore, whenever the dump truck 20 travels along the same
operation 1nformation transmittable path, the counter
increases i Step S304 and the count value Nc¢ increases.

For example, 1n the operation information transmittable
path A 1illustrated in FIG. 11, when the dump truck 20 travels
through the points P1, P2, and P3, the position information
about the dump truck 20 1s 1dentical to the position informa-
tion about the operation information transmittable path A
three times. In this case, since the counter increases at the
points P1, P2, and P3, the count value Nc 1s 3 at the time when
the dump truck 20 passes through the point P3.

When the dump truck 20 does not travel along the same
operation information transmittable path, the position infor-
mation about the dump truck 20 i1s notidentical to the position
information about the operation information transmittable
path 1n Step S303. For example, 1n the operation information
transmittable path A illustrated in FIG. 11, when the dump
truck 20 travels through the points P1 and P2, the position
information about the dump truck 20 1s 1identical to the posi-
tion mformation about the operation mmformation transmit-
table path A two times. Therefore, the count value Nc 1s 2.
Then, when the dump truck 20 travels to a point Pd through a
moving path A' represented by a dotted line 1 FIG. 11,
position information Pd about the dump truck 20 1s not 1den-
tical to the position information about the operation informa-
tion transmittable path A. In this case, since the counter 1s
reset 1n Step S305, the count value Nc 1s 0. In this case, when
the moving path of the dump truck 20 returns to the operation
information transmittable path A at a point Pn, the count value
Nc 1s 1, which 1s less than the count value N¢ when the dump
truck 20 does not deviate from the operation information
transmittable path A.

During the traveling of the dump truck 20, whenever the
position information about the dump truck 20 1s 1dentical to
the operation information transmittable path, the count value

10

15

20

25

30

35

40

45

50

55

60

65

20

Nc increases. As the count value Nc increases, the degree of
identity between the moving path of the dump truck 20 and
the operation information transmittable path increases. The
dump truck 20 reliably travels along the operation informa-
tion transmittable path. That is, the count value Nc 1s an index
indicating the traveling of the dump truck 20 along the opera-
tion information transmittable path. Next, a case in which the
determination result 1n Step S307 15 “No” will be described.

When the dump truck 20 1s not in the specific state (No 1n
Step S307), the process proceeds to Step S309. In Step S309,
the 1n-vehicle information collection device 30 calculates an
operation information communication time. The operation
information communication time and a method of calculating
the operation information communication time are the same
as those 1 Step S204 1n the second embodiment. Then, the
process proceeds to Step S310. When the value of the counter,
that 1s, the count value Nc 1s equal to or greater than a prede-
termined threshold value (Step S310, Yes), the in-vehicle
information collection device 30 proceeds to Step S311. That
1s, when the count value Nc 1s equal to or greater than the
predetermined threshold value, the dump truck 20 1s traveling
along the operation information transmittable path and the
in-vehicle information collection device 30 determines
whether the dump truck 20 can stay in the communication
range 7 until the communication of the operation information
to be transmitted ends, on the basis of the allowable stay time
which corresponds to the operation information transmittable
path and 1s stored 1n the data table 36.

In Step S311, the in-vehicle information collection device
30 reads, from the data table 36 of the in-vehicle storage
device 31, the allowable stay time TAT corresponding to the
operation information transmittable path (the operation infor-
mation transmittable path A 1n the example 1llustrated 1n FIG.
11) along which the dump truck 20 1s traveling. Then, 1n Step
S312, the 1in-vehicle information collection device 30 com-
pares the operation information communication time calcu-
lated 1n Step S309 with the allowable stay time TAT. When the
former 1s less than the latter, 1t 1s determined that the operation
information can be transmitted to the information collection
device 10 (Step S312, Yes) and the process proceeds to Step
S308. Then, 1n Step S308, the in-vehicle information collec-
tion device 30 transmits the operation information from the
in-vehicle storage device 31 to the information collection
device 10 using wireless communication. When the operation
information communication time 1s equal to or more than the
allowable stay time TAf{, it 1s determined that the operation
information may not be transmitted to the information col-
lection device 10 (Step S312, No). One cycle of the operation
information collection control ends and the next cycle of the
operation information collection control starts. Next, the pro-
cess returns to Step S310 and will be described.

In Step S310, when the value of the counter, that 1s, the
count value Nc 1s less than the predetermined threshold value
(Step S310, No), the in-vehicle information collection device
30 proceeds to Step S313. In Step S313, the in-vehicle infor-
mation collection device 30 determines that the current state
of the dump truck 20 1s maintained and calculates the time
when the dump truck 20 can stay 1n the communication range
7. When the count value Nc 1s less than the predetermined
threshold value, it 1s considered that the non-identity between
the moving path of the dump truck 20 and the operation
information transmittable path increases. For example, in the
example illustrated i FIG. 12, a moving path E is not
described in the data table 36. When the dump truck 20 travels
on the moving path E, passes through a point Pp3 on the
moving path E, and enters the communication range 7, 1t 1s
determined that the dump truck 20 enters the communication
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range 7 along a moving path which 1s not identical to the
operation information transmittable path and Step S313 1s
performed.

When the dump truck 20 reaches a point Pp4 and Step S313
1s performed, a distance La 1s calculated from the speed of the
dump truck 20 at the point Pp4, position information (Xp, Yp)
about the point Pp4, the traveling direction at the point Pp4,
and the communication range 7. The distance La 1s from the
point Pp4 to a position PE(Xe, Ye) which intersects the outer
circumierence of the communication range 7 when the dump
truck 20 travels 1n the traveling direction of the point Pp4 at a
speed Vs at the point Pp4. The position PE(Xe, Ye) can be
calculated from the traveling direction of the dump truck 20 at
the point Pp4 and position information (Xp, Yp) about the
point Pp4. Therelfore, the distance La can be calculated by
V{Xe-Xp)*+(Ye-Yp)*}.

The distance La 1s divided by the speed of the dump truck
20 at the point Pp4 to calculate the time Tp when the dump
truck 20 can stay 1n the communication range 7. The time Tp
1s compared with the operation information communication
time calculated 1n Step S309. When the time Tp 1s more than
the operation information communication time, 1t 1s deter-
mined that the operation information can be transmitted to the
information collection device 10 (Step S312, Yes) and the
process proceeds to Step S308. In Step S308, the in-vehicle
information collection device 30 transmits the operation
information from the in-vehicle storage device 31 to the infor-
mation collection device 10 using wireless communication.
When the time Tp 1s equal to or less than the operation
information communication time, 1t 1s determined that the
operation information may not be transmitted to the informa-
tion collection device 10 (Step S312, No). One cycle of the
operation mnformation collection control ends and the next
cycle of the operation information collection control starts.

In the above-mentioned example, 1t 1s determined whether
the moving path of the dump truck 20 1s i1dentical to the
operation information transmittable path on the basis of the
position mformation about the dump truck 20. However, 1t
may be determined whether the two paths are 1dentical to each
other on the basis of at least one of the speed and the traveling
direction of the dump truck 20 which 1s traveling. In this case,

in the data table 36, at least one of the history of the speed of
the dump truck 20 and the history of the travehng direction of

the dump truck 20 1s described 1n the moving path informa-
tion so as to be associated with the position information.

In this embodiment, 1n addition to the process according to
the second embodiment, the previous moving path of the
dump truck 20 is used as the operation information transmuit-
table path and 1s associated with the time when the dump
truck can stay in the communication range. During the col-
lection of the opera‘[ion information about the dump truck 20,
which 1s a moving body, when the dump truck passes through
the operation information transmittable path, the time when
the dump truck can stay i the communication range 7, which
1s obtained from the previous result, can be used. Therelore,
it 1s possible to predict the communication time required for
the amount of operation information to be transmitted and it
1s not necessary to calculate the time when the dump truck 20
can stay in the communication range 7. As a result, 1n this
embodiment, similarly to the second embodiment, 1t 1s pos-
sible to achieve stable and reliable wireless communication
and reliably and effectively collect the operation information
about the dump truck 20. In addition, 1t 1s possible to reduce
the processing time required to collect the operation informa-
tion.

In particularly, the dump truck 20 which operates 1n the
mine 1s less likely to travel along different moving paths and
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1s more likely to travel along the same moving path in the
loading place and the unloading place for a predetermined
period. Theretfore, the dump truck 20 1s likely to travel along
the operation information transmittable path. As a result, this
embodiment 1s useful for a mining machine.

REFERENCE

SIGNS LIST

1 information collection system of mining machine (infor-
mation collection system)

3 repeater

S5A, 5B, 5C GPS satellite

7 communication range

10 information collection device

12 processing device

13 storage device

14 communication range database

15 1input/output unit

16 display device

17 1input device

18 second wireless communication device

18A antenna
20, 20q, 2056, 20¢c dump truck

21 vehicle body

22 vessel

23 wheel

24 suspension cylinder

235 rotation sensor

26 pressure sensor

27 in-vehicle wireless communication device (first wire-
less communication device)

28A antenna

288 GPS antenna

29 position information detecting device

30 in-vehicle mnformation collection device

31 1n-vehicle storage device

32 mining machine information acquiring device

36 data table

The mvention claimed 1s:

1. A mining machine information collection system com-

prising;:

an 1-vehicle mformation collection device that 1s provided
in a mining machine and collects operation information
about an operation state of the mining machine;

a position information detecting device that 1s provided 1n
the mining machine and detects position information
about a position of the mining machine;

a first wireless communication device that 1s provided 1n
the mining machine and performs communication; and

an information collection device that collects the operation
information through a second wireless communication
device which communicates with the first wireless com-
munication device,

wherein the information collection device transmuits a posi-
tion information request command to request a transmis-
sion of the position information of the mining machine
through the second wireless communication device at a
predetermined time, and

the mmformation collection device determines whether the
mining machine whose response to the position nfor-
mation request command 1s received by the second wire-
less communication device in a communication range of
the first wireless communication device until a commu-
nication ol the operation information of the mimng
machine ends, and when the information collection
device determines the mining machine whose response
to the position information request command 1s recerved
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by the second wireless communication device 1s 1n the
communication range of the first wireless communica-
tion device until the communication of the operation
information of the mining machine ends, the informa-
tion collection device collects the operation information
of the mining machine whose response 1s recerved, and
the information collection device determines whether the
mining machine whose response 1s recerved can stay in
the communication range until the commumnication of
the operation information of the miming machine ends,
based on the position information, a speed and a travel-
ing direction of the mining machine whose response 1s
received of the mining machine, communication time of
the operation information, and position information
about the communication range.
2. The mining machine information collection system
according to claim 1,
wherein, when receving information indicating that the
mining machine 1s stopped 1n the communication range
and a place where a wireless communication facility for
receiving the operation information 1s prepared from the
in-vehicle information collection device, the informa-
tion collection device does not perform the determina-
tion and collects the operation information of the mining,
machine stopped 1n the place where the wireless com-
munication facility is prepared.
3. A mining machine information collection system com-
prising:
an 1n-vehicle wireless communication device that 1s pro-
vided 1n a mining machine and performs communica-
tion;
an in-vehicle storage device that stores a communication
range of the m-vehicle wireless communication device;
a position information detecting device that 1s provided in
the mining machine and detects position information
about a position of the mining machine;
an 1n-vehicle information collection device that is provided
in the mining machine and collects operation informa-
tion about an operation state of the mining machine; and
an information collection device that collects the operation
information,
wherein the 1n-vehicle information collection device deter-
mines whether the mining machine 1s 1n a communica-
tion range of the in-vehicle wireless communication
device until a commumnication of the operation informa-
tion ends, and when the 1in-vehicle information collec-
tion device determines the mining machine i1s 1n the
communication range of the in-vehicle wireless commu-
nication device until the communication of the operation
information ends, the in-vehicle information collection
device transmits the operation information to the infor-
mation collection device through the in-vehicle wireless
communication device, and
the 1n-vehicle mnformation collection device determines
whether the mining machine can stay 1n the communi-
cation range until the communication of the operation
information ends, based on the position mnformation, a
speed and a traveling direction of the mining machine,
communication time of the operation information, and
position information about the communication range.
4. A mining machine information collection system com-
prising:
an 1n-vehicle wireless communication device that 1s pro-
vided 1in a mining machine and performs communica-
tion;
an 1n-vehicle storage device that stores a communication
range of the m-vehicle wireless communication device;
a position information detecting device that 1s provided in
the mining machine and detects position information
about a position of the mining machine;
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an m-vehicle mformation collection device that 1s provided
in the miming machine and collects operation informa-
tion about an operation state of the mining machine; and

an information collection device that collects the operation
information,

wherein the 1n-vehicle information collection device deter-

mines whether the mining machine 1s 1n a communica-
tion range of the in-vehicle wireless commumnication
device until a communication of the operation informa-
tion ends, and when the in-vehicle information collec-
tion device determines the mining machine i1s 1n the
communicationrange of the in-vehicle wireless commu-
nication device until the communication of the operation
information ends, the in-vehicle information collection
device transmits the operation information to the infor-
mation collection device through the in-vehicle wireless
communication device, and

wherein the 1n-vehicle storage device stores a moving path

of the mining machine when the operation information
1s transmitted as an operation information transmittable
path 1n association with a time when the mining machine
can stay 1n the communication range, and

when the mining machine enters the communication range

while moving along the operation information transmit-
table path, the in-vehicle information collection device
determines whether the mining machine can stay in the
communication range until the communication of the
operation information ends, based on the time when the
mining machine can stay and communication time of the
operation information.

5. The miming machine nformation collection system
according to claim 3, wherein, when the miming machine 1s
stopped 1n the communication range and a place where a
wireless communication facility for recerving the operation
information is prepared, the in-vehicle information collection
device transmits the operation information without perform-
ing the determination.

6. The mining machine mformation collection system
according to claim 5,

wherein 1t 1s determined whether the mining machine 1s

stopped 1n the place where the wireless communication
facility 1s prepared based on at least one of a state of the
speed of the mining machine and a change 1n an amount
of freight loaded 1n the mining machine.

7. The miming machine nformation collection system
according to claim 2,

wherein it 1s determined whether the mining machine 1s

stopped 1n the place where the wireless communication
facility 1s prepared based on at least one of a state of the
speed of the mining machine and a change in an amount
of freight loaded 1n the miming machine.

8. The miming machine information collection system
according to claim 4,

wherein, when the mining machine 1s stopped 1n the com-

munication range and a place where a wireless commu-
nication facility for recerving the operation information
1s prepared, the in-vehicle information collection device
transmits the operation information without performing
the determination.

9. The miming machine nformation collection system
according to claim 8,

wherein it 1s determined whether the mining machine 1s

stopped 1n the place where the wireless communication
facility 1s prepared based on at least one of a state of the

speed of the mining machine and a change 1n an amount
of freight loaded 1n the miming machine.
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